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7LPLVRDUDDWWKHEHJLQQLQJRIWKHODVWFHQWXU\WDNHVDQKRQRXUDEOHSRVLWLRQQH[WWRWKHPRQXPHQWVÄ±7LPLVRDUD
WKHILUVWFLW\LQFRQWLQHQWDO(XURSHZLWKHOHFWULFDOO\LOOXPLQDWHGVWUHHWV´UHVSHFWLYHO\Ä±7LPLVRDUDKDVWKHILUVW
HOHFWULFWUDPZD\LQ5RPDQLD´
1.1. The Traian Bridge 
7KH7UDLDQ%ULGJHVLWXDWHGRQ%OYGWK'HFHPEUHZDVWKHILUVWDQFLHQWEULGJHLQFOXGHGLQWKHUHKDELOLWDWLRQ
SURJUDPRI WKH WUDPUDLOZD\7KURXJKRXW WLPH WKHÄ7UDLDQ´EULGJHZDVDOVRNQRZQDV+XQ\DGLKLG7KH+XQLDGH
%ULGJH7KHEULGJHZDVGHVLJQHGE\ WKHFLW\HQJLQHHU/iG.iURO\ MU DVVLVWDQWRI WKHSURIHVVRU$ODGiU.RYiFV±
6HEHVWpQ\>@

 
)LJ7KH7UDLDQ%ULGJHQRZDGD\V
7KLVEULGJH)LJZKLFKKDGWKHSXEOLFDXFWLRQIRUWKHH[HFXWLRQZRUNVLQZDVEXLOWLQDPHGLHYDOVW\OH
ZKLFKKDGWRILWLQWKHQHRJRWKLFDUFKLWHFWXUHFKDUDFWHULVLQJWKHOHIWEDQNRIWKH%HJD&KDQQHO7KHFRQVWUXFWLRQRI
WKHVWUXFWXUHZDVFRPSOHWHGLQEXWEHFDXVHRIWKHILUVWZRUOGZDUWKHEULGJHZDVJLYHQLQH[SORLWDWLRQRQO\DW
WKHEHJLQQLQJRI>@,WLVLQVHUYLFHIRU\HDUV
7KHEULGJHLVDUHLQIRUFHGFRQFUHWHVWUXFWXUHDVD*HUEHUVROXWLRQZLWKFDQWLOHYHUVDQGMRLQWVFRQVLVWLQJRIWKUHH
VSDQV7KHEULGJHLVGHVLJQHGIRUSHGHVWULDQWUDIILFFDUVDQGWUDPZD\7KHFURVV
VHFWLRQFRQVLVWVRIUHLQIRUFHGFRQFUHWHJLUGHUVZLWKYDULDEOHKHLJKWLQWKHPDUJLQDODQGFRQVWDQWKHLJKWLQWKHFHQWUDO
EULGJHGHFN7KHWUDIILFLVGHYHORSLQJRQODQHV7KHIRRWZD\VKDGWHFKQLFDOFKDQQHOVDQGWKHSDUDSHWLVUHDOL]HGRXW
RIZURXJKWLURQRQWKHFHQWUDOVSDQUHVSHFWLYHO\RXWRIVKDSHGVWRQHRQWKHPDUJLQDOVSDQV
7KH7UDLDQ%ULGJHZDVH[DPLQHGLQDQGLWVEHDULQJFDSDFLW\ZDVWHVWHGLQ7KHUHVXOWVRIWKHWHVWVVKRZHG
WKDWWKHVWUXFWXUHKDVHQRXJKEHDULQJFDSDFLW\LQRUGHUWRVXSSRUWDWUXFNDQGWUDPWUDIILF
6LQFHWKHPDLQWHQDQFHDQGUHSDLUZRUNVZHUHQRWH[HFXWHGLQGXHWLPHWKHVWUXFWXUHKDGWREHDQDO\]HGDJDLQLQ
WKH\HDU7KHVWUXFWXUDODQDO\VLV UHDOL]HGRQDVSDWLDOPRGHOXVLQJ WUDPDQG WUXFNFRQYR\V VKRZHG WKDW WKH
FHQWUDOVSDQDQGWKHPDUJLQDOJLUGHUVQHHGHGLPPHGLDWHFRQVROLGDWLRQZRUNV
,Q DGGLWLRQ WR WKLV LW ZDV VXJJHVWHG WR SURFHHG WR WKH H[HFXWLRQ RI DOO WKH QHFHVVDU\ UHSDLUZRUNV GXH WR WKH
DVFHUWDLQHGGHJUDGDWLRQV>@
• UHGXFHGEHDULQJFDSDFLW\EHFDXVHRIWKHVWDQGDUGVZKLFKDWWKHWLPHRIFRQVWUXFWLRQVWLSXODWHGORDGYDOXHV
PXFKORZHUWKDQWKHDFWXDORQHVRYHU\HDUV
• QRQYLDEOHIL[LQJV\VWHPVIRUWKHWUDPUDLOZD\RQWKHEULGJHGHFN
• GHJUDGDWLRQVDWWKHZURXJKWLURQSHGHVWULDQSDUDSHWDQGDOVRDWWKHVKDSHGVWRQHSDUDSHW
• QRQYLDEOHDQGKLJKO\GHJUDGHGEHDULQJEORFNVDQGFRYHUV\VWHPVIRUWKHH[SDQVLRQMRLQWV
• GHJUDGDWLRQRIWKHZDWHUSURRILQJRQZLGHDUHDV
• GHJUDGDWLRQRIWKHVKRUWFDQWLOHYHUVZLWKLPSURSHUEHDULQJVDQGFRUURGHGUHLQIRUFHPHQW
• LPSRUWDQWGHJUDGDWLRQVRIWKHFRQFUHWHDQGUHLQIRUFHPHQWRIWKHIRRWZD\FDQWLOHYHU
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7KHFRQVROLGDWLRQRIWKHVWUXFWXUHDLPHGWRLQFUHDVHWKHEHDULQJFDSDFLW\RIWKHVWUXFWXUHWRVXSSRUW$FRQYR\V
WRQHVWUDFNVLPXOWDQHRXVO\ZLWKHOHFWULFWUDPZD\V)LJ


)LJLQLWLDOUHKDELOLWDWLRQVROXWLRQ
7KH LQFUHDVH RI WKH EHDULQJ FDSDFLW\ RI WKH VWUXFWXUH ZDV LQWHQGHG WR EH DFKLHYHG E\ ORQJLWXGLQDO H[WHUQDO
SUHVWUHVVLQJRIWKHJLUGHUVEHORQJLQJWRWKHFHQWUDOEULGJHGHFN>@
'XULQJWKHH[HFXWLRQRQWKHEHDPZHERIWKHFHQWUDOVSDQDSSHDUHGPXOWLSOHILVVXUHVRULHQWHGGLIIHUHQWO\ZKLFK
ZHUHFRQFHDOHGE\DOD\HURIFHPHQWJURXWDSSOLHGRQWKHVWUXFWXUHDURXQG\HDUVDJR
7KHH[LVWHQFHRIWKHVHPDMRUIDXOWVEXWDOVRWKHORZTXDOLW\RIWKHFRQFUHWHIURPWKHJLUGHUVGHWHUPLQHGWKHFKDQJH
RIWKHFRQVROLGDWLRQVROXWLRQ7KHLQLWLDOUHLQIRUFHGFRQFUHWHEULGJHGHFNRIWKHFHQWUDOVSDQZDVUHSODFHGZLWKDEULGJH
GHFN LQDVWHHOFRQFUHWHFRPSRVLWH VROXWLRQZKLFK UHVSHFWHG WKH LQLWLDOJHRPHWU\RI WKH VWUXFWXUHJLUGHUVDQG
FURVVEHDPVZLWKKROHVIRUHOHFWULFDOFDEOHVDQGRQHZDWHUSLSH7KHQHZEULGJHGHFNZDVVHWRQUHLQIRUFHGHODVWRPHULF
EHDULQJSDGVDIWHUWKHSUHYLRXVSUHVWUHVVLQJRIWKHVKRUWFDQWLOHYHUV>@

 
 )LJDPRGLILHGUHKDELOLWDWLRQVROXWLRQLQVLWX EGHVLJQHGFHQWUDOVSDQ
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&RPSDUHG WR WKH LQLWLDO VROXWLRQ WKH EHQHILFLDU\ WKH&LW\+DOO RI7LPLVRDUD KDV UHTXHVWHG DQ LQFUHDVH RI WKH
IRRWZD\ZLGWKWRLQFOXGHDELF\FOHODQH,QRUGHUWRDFKLHYHWKLVDGHTXDWHVWHHOFDQWLOHYHUVZHUHGHVLJQHGWRVXSSRUW
WKHUHDOL]HGIRRWZD\DVDUHLQIRUFHGFRQFUHWHVODEZLWKUHGXFHGZLGWK)LJ7KHIRRWZD\VODEZDVH[HFXWHGLQ
VWDJHVXVLQJFRQFUHWHSUHFDVWHGVODEVDQGDPRQROLWKFRQFUHWHOD\HU
7KHFRQVROLGDWLRQSURFHVVRIWKHEULGJHLQFOXGHGWKHIROORZLQJFRQVWUXFWLYHVROXWLRQVWKHLUEHKDYLRXULQWLPHZLOO
EHREVHUYHG
• WKHFDUULDJHZD\±URDGFRQFUHWH%F5
• WKHIRRWZD\±HSR[\SRO\XUHWKDQH6LNDOD\HUDQGTXDUW]VDQG
• WKHH[SDQVLRQMRLQWV±ZDWHUSURRILQJVHDOLQJRQOHYHOVZLWK6LNDIOH[>@;
• WKHWUDPUDLOZD\±IDVWHQHGE\DGKHVLRQLQDQ,&26,7.&V\VWHP)LJ>@
• DQWLFRUURVLYHSURWHFWLRQRIWKHVWHHODQGFRQFUHWHVXSHUVWUXFWXUH6LNDPXOWLOD\HUV\VWHP
• DQWLFRUURVLYHSURWHFWLRQRIWKHVWHHOSDUDSHW±]LQFFRDWLQJDQGG\HLQJLQDQHOHFWURVWDWLFILHOG


)LJ)DVWHQLQJRIWKHWUDPUDLOZD\LQ,&26,7V\VWHP
,QWLPHEHKDYLRXU
7KH SUHVHQW DQDO\VLV LVPDGH DIWHU DQ H[SORLWDWLRQ SHULRG RI DSSUR[LPDWHO\ « \HDUV D SHULRGZLWK ODFN RI
PDLQWHQDQFHZRUNV
2.1. Carriageway 
'XHWRWKHSUHVHQFHRIWKHWUDPUDLOZD\DQGEDVHGRQSUHYLRXVH[SHULHQFHVLWKDVEHHQGHFLGHGHYHQWKRXJKQRQ
W\SLFDOWKDWWKHFDUULDJHZD\RQWKHEULGJHVKRXOGEHDFPWKLFNURDGFRQFUHWHOD\HU

 
 )LJDFUDFNQHDUWKHNHUE EMRLQWWKURXJKILVVXULQJ
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%HFDXVHRIWKHUHODWLYHO\KLJKREOLTXLW\RIWKHEULGJHWKHFRQWUDFWLRQMRLQWVLQWKHFHQWUDOVSDQDUHRULHQWHGREOLTXH
WRZDUGVWKHURDGD[LV7KHFRQWUDFWLRQMRLQWVH[HFXWHGLQDFFRUGDQFHZLWKWKHFXUUHQWUHJXODWLRQVDUHHPSODFHGLQDQ
LQWHUVSDFHRIDSSUR[LPDWHO\PDQGDUHPPWKLFN8QIRUWXQDWHO\WKHDUHDEHWZHHQWKHMRLQWVKDVQXPHURXVILVVXUHV
ZKLFKGHYHORSHGODWHURQLQFUDFNVRULHQWHGSHUSHQGLFXODUO\RQWKHURDGD[LV)LJ
,QVSLWHRIQRWEHLQJVHDOHGZLWKHSR[\UHVLQVWKH\GLGQRWOHDGWRWKHGHJUDGDWLRQRIWKHFDUULDJHZD\7KHSRVLWLYH
SDUWRIWKLVSKHQRPHQRQLVVXVWDLQHGE\WKHVROLGLW\RIWKHFRQFUHWHVODEDQGE\WKHIDFWWKDWWKHFDUULDJHZD\VXSSRUW
LVDULJLGHOHPHQWWKHVODERIWKHUHLQIRUFHGFRQFUHWHEULGJHGHFN
7KHFDUULDJHZD\KDVDUHDVZLWKOLJKWDEUDVLRQPDUNVDQGVXUIDFHGHJUDGDWLRQVGHSWK«PPRQDURXQG
PZKLFKFDQEHH[SODLQHGE\ORZPDWHULDOTXDOLW\RUODFNVLQH[HFXWLRQ
2.2. Footway surface 
)RU WKHIRRWZD\VXUIDFH LWKDVEHHQFKRVHQDVROXWLRQDOUHDG\XVHGRQ WKH'HFHEDO%ULGJH LQ$UDGDQHSR[\
SRO\XUHWKDQH6LND6\VWHPDQGTXDUW]VDQG>@7KHDGYDQWDJHRIWKLVVROXWLRQLVWKHUHGXFHGWKLFNQHVVRIRQO\PP
FRPSDUHGZLWKWKDWRIFPRIDUHJXODUDVSKDOWOD\HUDQGLPSOLFLWO\WKHYHU\ORZORDG)LJ

 
 )LJDRQWKHIRRWZD\6LNDV\VWHP EDQG«DOWHUQDWLYHVROXWLRQV
,QDGGLWLRQWRWKLVWKHV\VWHPKDVDOVRDZDWHUSURRILQJUROHDVVXUHGE\WKHUHVLQDVDFRPSRQHQWRIWKHSULPHUOD\HU
,QFDVHRIGHJUDGDWLRQWKHDIIHFWHGDUHDVFDQEHUHPRYHGE\GRLQJORFDOUHSDLUZRUNV7KHGLVDGYDQWDJHRIWKLVQHZ
VROXWLRQLVWKDWWKHH[HFXWHGOD\HUGRHVQRWUHVLVWWRPHFKDQLFDODFWLRQVOLNHVQRZUHPRYDOZLWKWKHKDFNLURQSUDFWLFHG
XQFRQVFLRXVO\7KHGHODPLQDWLQJDSSHDUZKHUHWKHVXSSRUWOD\HUZDVLQDGHTXDWHRUZKHUHLWZDVGHJUDGHGRXWRIRWKHU
UHDVRQVOLNHILVVXULQJRUFUDFNLQJ
2.3. Expansion joints 
  
)LJDMRLQWDWWKHWUDPUDLOZD\ EDWWKHNHUE FRQWKHFDUULDJHZD\
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7KHFRYHULQJRIWKHH[SDQVLRQMRLQWZDVQHFHVVDU\DWWKH7UDLDQ%ULGJHZKHUHWKHMRLQWZDVNHSWE\UHDOL]LQJWKH
FHQWUDOVSDQDVDQHZVXEVWUXFWXUH7KHZDWHUSURRILQJZDVSDVVHGRYHUWKHMRLQWZLWKDORRSDQGLWZDVSUHFHGHGWRWKH
VHDOLQJLQWZROHYHOVZLWK6LNDIOH[)LJ>@
7KLVVROXWLRQFRXOGEHDGRSWHGGXHWRWKHUHGXFHGPRYHPHQWVRIWKHVXSHUVWUXFWXUHRIRQO\«PP,WFDQEH
DVVHUWHGWKDWWKHMRLQWKDVDJRRGEHKDYLRXURQO\LIWKHH[HFXWLRQGLUHFWLRQVRIWKHSURGXFHUDUHNHSWZHOOSUHSDUHG
DGKHVLRQ VXUIDFHV WKH VHFWLRQ RI WKH ILOOLQJPDWHULDO UHVSHFWV WKH SURSRUWLRQ LQ RUGHU WR KDYH D SURSHU VWUHWFKLQJ
EHKDYLRXUWKHFRQFUHWHHGJHVDUHFKDPIHUHGWKHUHLVQRFRQWDFWEHWZHHQWKHILOOLQJPDWHULDODQGWKHZKHHOWKHILUVW
RQHEHLQJSRVLWLRQHGPPXQGHUWKHURDGOHYHO7KHGHWDFKPHQWRIWKHILOOLQJPDWHULDOQHHGVLPPHGLDWHLQWHUYHQWLRQ
WRFRUUHFWWKHVLWXDWLRQ)LJ

 
 )LJD³WUDQVSDUHQW´MRLQWRQWKHIRRWZD\ EGHWDLORIWKHMRLQW
2.4. Tram railway  
'XHWRWKHIDFWWKDWWKHIDVWHQLQJVROXWLRQRIWKHUDLOZD\PHDQWQRWWRGHWHULRUDWHWKHZDWHUSURRILQJE\GULOOLQJLW
ZDVGHFLGHGWRIDVWHQWKHUDLOZD\E\JOXHLQJ>@7KLVVROXWLRQ)LJKDVPXOWLSOHIXQFWLRQVZDWHUSURRILQJDGKHVLRQ
WRWKHVODERIWKHEULGJHGHFNUHSODFHVWKHJDXJHVSDFHUEHWZHHQWKHUDLOZD\VGDPSLQJRIWKHYLEUDWLRQVWUDQVPLWWHG
WRWKHVXSHUVWUXFWXUHSKRQLFGDPSLQJ$QDO\VLQJWKHIDVWHQLQJV\VWHPVLQH[SORLWDWLRQLQ7LPLVRDUDLWZDVFRQFOXGHG
WKDWWKHUDLOZD\VIDVWHQHGLQDFRQFUHWHFDUULDJHZD\KDYHDEHWWHUEHKDYLRXULQWLPHWKDQWKRVHIDVWHQHGLQDVSKDOW

 
 )LJDUDLOZD\IDVWHQHGLQDQ,&26,7V\VWHP EGHWDLO
1RGHWDFKPHQWRIWKHUDLOZD\IURPWKHVXSSRUWOD\HUDWKLJKWHPSHUDWXUHVGLODWDWLRQRIWKHUDLOZD\ZDVDVVHUWHG
LQFDVHWKLVZRXOGKDYHKDSSHQHGGXHWRDFRQYH[VKDSHRIWKHJUDGHOLQHRQWKHUHKDELOLWDWHGFRQVROLGDWHGEULGJHV
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2.5. Anti-corrosive protection for the steel and concrete superstructure  
7KHQHZVWHHOVXSHUVWUXFWXUHRIWKHFHQWUDOVSDQRIWKH7UDLDQ%ULGJHZDVSURWHFWHGDJDLQVWFRUURVLRQSDUWLDOO\LQ
WKHSODQWEHLQJILQDOL]HGRQVLWHE\DSSO\LQJDGGLWLRQDOOD\HUV

 
)LJDQWLFRUURVLYHSURWHFWLRQRQFRQFUHWHDQGVWHHO
$]LQF±ULFKSULPHUIRUVWHHOZLWKZHOGDEOHSURSHUWLHVZDVXVHGZKLFKGRHVQRWQHHGWREHUHPRYHGOHDYLQJWKH
VXUIDFHXQSURWHFWHGLQWKDWVSHFLILFDUHD%\DSSO\LQJWKLVPDWHULDOVXFFHVVLYHO\LWEHFRPHVDILQDOSURWHFWLRQVXUIDFH
>@)LJ
7KHUHLQIRUFHGFRQFUHWHEULGJHIORRUUHFHLYHGDQDQWLFRUURVLYHSURWHFWLRQLQD6LNDPXOWLOD\HUV\VWHP)LJ
DIWHUWKHQHFHVVDU\UHSDLUVRQVXUIDFHVDQGWKHVHDOLQJRIWKHFRQWUDFWLRQILVVXUHV7KHPXOWLOD\HUSURWHFWLRQZDVDSSOLHG
RQO\RQWKHH[WHULRUVLGHVRIWKHPDUJLQDOJLUGHUVDQGDWWKHLULQWUDGRV7KHUHVWRIWKHLQWUDGRVVXUIDFHZDVSURWHFWHG
E\RQO\RQHSHUPHDEOHOD\HULQRUGHUWRDYRLGWKHGHYHORSPHQWRIKXPLGLW\DUHDV

 
 )LJDSURWHFWLRQQHWVDWWKHLQWUDGRVRIORQJFRQVROHV EDWWKHFHQWUDOVSDQ
6LQFHLWLVZHOONQRZQWKDWSLJHRQH[FUHPHQWLVKLJKO\FRUURVLYHWKHLQWUDGRVDUHDVZHUHSURWHFWHGZLWKQHWV)LJ

2.6. Anti-corrosive protection for the steel parapet 
7KHRULJLQDOVWHHOSDUDSHWRIWKHEULGJHZDVUHIXUELVKHGNHHSLQJRQO\WKHRULJLQDOZURXJKWLURQSLHFHV
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7KHVWHHOVWUXFWXUHZDVLQLWLDOO\VDQGHGWKDQLWUHFHLYHGD]LQFFRDWLQJDQGZDVG\HGLQHOHFWURVWDWLFILHOG$IWHUWKH
]LQFFRDWLQJZDVDSSOLHGDSSHDUHGÄUXVW´SRLQWVZKLFKZHUHDFWXDOO\FLQGHUPDUNVIURPWKHIRUJLQJZKHUHQR]LQF
GHSRVLWLQJZDVUHDOL]HG7KHG\HLQJLQHOHFWURVWDWLFILHOGKDVSDUWLDOO\FRUUHFWHGWKHVHIDXOWV)LJD

 
 )LJDSHGHVWULDQSDUDSHW EVHSDUDWLQJSDUDSHWIRUWKHELF\FOHODQH
7KH VHSDUDWLQJ SDUDSHW EHWZHHQ WKH ELF\FOH ODQH DQG WKH FDUULDJHZD\ GLG QRW UHFHLYH D VXIILFLHQWO\ HIILFLHQW
DQWLFRUURVLYHSURWHFWLRQVRWKDWVRPHHOHPHQWVQHHGLPPHGLDWHPDLQWHQDQFHZRUNVRUQHHGWREHUHSODFHGZLWKQHZ
RQHVLQFDVHWKH\ZHUHGDPDJHGXQGHULPSDFW)LJE
)LQDODSSUHFLDWLRQV
7KHEULGJHVKDYHDOZD\VDFRQWULEXWLRQDWWKHGHYHORSPHQWRIWKHFRPPXQLW\HFRQRP\DQGKXPDQVRFLHW\DVD
ZKROH )RU WKHVH ÄRXYUDJHV G¶DUW³ WKH UHHYDOXDWLRQ RI WKH H[LVWHQW VWUXFWXUHV UHJDUGLQJ WKH DHVWKHWLFV DQG WKH
QHFHVVDU\IXWXUHEHDULQJFDSDFLW\KDVWROHDGWRPRGHUQVROXWLRQVHOHJDQWDQGYLDEOHZKLFKVKRXOGQRWLPSO\FRPSOH[
PDLQWHQDQFHZRUNV
,WFDQEHDSSUHFLDWHGWKDWWKHFKRVHQVROXWLRQVIRUWKHUHDOL]LQJDQGRUSURWHFWLRQRIWKHGLIIHUHQWVWUXFWXUDOHOHPHQWV
RIWKHDQDO\]HGEULGJHKDGDQDSSURSULDWHEHKDYLRXUXQGHUWKHPHQWLRQHGH[SORLWDWLRQFRQGLWLRQV
,WVKRXOGWKRXJKEHHPSKDVLVHGWKDWLQVSLWHRIPDMRUHIIRUWVDVROXWLRQZKLFKJLYHVWKHVWUXFWXUHDGPLQLVWUDWLRQ
FRPSOHWHVDWLVIDFWLRQPHDQLQJto allow the exploitation of the structure without maintenance worksZDVQRWIRXQG
\HW
1XPHURXVRIWKHJLYHQH[DPSOHVVKRXOGKDYHQRWH[LVWHGLIWKHUHZRXOGKDYHEHHQDVOLJKWLQWHUHVWWRUHPHG\WKH
IDXOWVE\DQHIILFLHQWLQWHUYHQWLRQVXFKDVÄFRPPRQ´PDLQWHQDQFHZRUNV
5HIHUHQFHV
>@$-DQFVy$WHPHVYiUL%HJDKLGDNNUyQLNiMD%XGDSHVW±+
>@$-DQFVy,VWRULFXOSRGXULORUGLQ7LPLVRDUD(G0LUWRQ7LPLVRDUD52
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